The 'thrifty gene hypothesis' posits that evolution preferentially selects physiological mechanisms that optimize energy storage to increase survival under alternating conditions of abundance and scarcity of food. Recent experiments suggest that endocannabinoids -a class of lipid-derived mediators that activate cannabinoid receptors in many cells of the body -are key agents of energy conservation. The new evidence indicates that these compounds increase energy intake and decrease energy expenditure by controlling the activity of peripheral and central neural pathways involved in the sensing and hedonic processing of sweet and fatty foods, as well as in the storage of their energy content for future use.
Introduction
During the first 99 percent or more of man's life on earth, while he existed as a hunter and gatherer, it was often feast or famine.
[1]
The endocannabinoid system plays a crucial role in monitoring energy needs and maintaining metabolic balance in mammals [2] . This signaling complex is found in most mammalian organs and tissues, and comprises a set of lipid-derived messengers (i.e., endocannabinoids) [3] , as well as proteins that control their formation and deactivation [4] [5] [6] [7] [8] [9] [10] [11] [12] and cell-surface receptors that transduce their actions (CB 1 and CB 2 cannabinoid receptors) [13, 14] . One of the best-understood endocannabinoids, the fatty acyl ester 2-arachidonoyl-sn-glycerol (2-AG), is produced in the brain and spinal cord through the consecutive activation of two receptor-operated lipases, phospholipase C-b (PLC-b) and diacylglycerol lipase-a (DGL-a). After release into the extracellular space, 2-AG diffuses to presynaptic nerve terminals where it reduces neurotransmitter release by recruiting G i/o protein-coupled CB 1 receptors (CB 1 Rs), to be finally eliminated through enzyme-mediated hydrolysis [6, 8, 9, 15] (Figure 1 ). Less is known on the workings of another important endocannabinoid, anandamide (arachidonoylethanolamide), although it is generally assumed that, similarly to 2-AG, this compound acts in the brain as a local modulator of synaptic activity [3] (Box 1).
The central nervous system (CNS) has long been recognized as a site of endocannabinoid control of feeding behavior [16, 17] . There is substantial evidence, however, that endocannabinoid signaling in peripheral tissues also plays an important role in energy homeostasis [18] [19] [20] [21] . In the present review we highlight recent findings suggesting that an overarching function of the endocannabinoids, and particularly of 2-AG, both inside and outside the CNS, might be to regulate the sensing and seeking of sweet and fatty foods, when these are available, and promote the storage of their energy content to allow for its utilization during periods of scarcity. According to this view, endocannabinoid signaling is a key molecular instantiation of the 'thrifty gene hypothesis', which states that evolution selects physiological mechanisms that maximize energy storage to increase survival under alternating conditions of feast and famine [1] .
Peripheral endocannabinoids and food taste
Endocannabinoids in the tongue control neural responses to sweet stimuli Food is first sensed in the taste buds, clusters of cells located on protrusions of the tongue termed papillae. The chorda tympani branch of the facial nerve (VII) innervates taste buds from the anterior two-thirds of the tongue, whereas the lingual branch of the glossopharyngeal nerve (IX) innervates taste buds from the posterior one-third of the tongue. Both the VII and IX nerves enter the brainstem to terminate in the nucleus of the solitary tract (NST) [22] (Box 2). Recent work has shown that CB1Rs are present in taste buds and that their pharmacological activation enhances neural responses to sweet foods [23] .
In the mouse tongue, CB1Rs are found in cells of the fungiform papillae, located at the front of the tongue, and the circumvallate papillae, toward the back of the tongue [23] . In 70% of those cells, CB 1 Rs colocalize with type 1 taste receptor 3, a putative sweet receptor [24, 25] and, when activated by exogenously administered endocannabinoids, increase the neural activity elicited in the chorda tympani by sweeteners -but not by bitter, umami, salty, or sour substances [23] . This effect is not only observed in vivo, but also in vitro after application of CB 1 R agonists to isolated taste cells [23] , and this is suggestive that local endocannabinoid signaling in the tongue might enhance neural responses to sweet nutrients.
